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Using acoustooptic (AO) cells based on TeO2 crystal and silica glass, we have experimentally shown for the first time that 
the intensity profile and the phase structure of the vortex beam are preserved under AO Bragg diffraction. As a result, the 
vortex beam can be deflected due to AO diffraction, whereas the acoustooptically operated vortex beams can be efficiently 
used in such novel branches of optical technology as optical trapping and controlled addressing of the beams with different 
orbital angular momentums. 
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optical manipulation; (260.3160) Interference.  
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Optical vortices bearing nonzero orbital angular momentum 
(OAM) can be used in different branches of optical 
technologies, e.g. in quantum computing [1], quantum 
communications, beam focusing below diffraction limit [2], 
and microparticle manipulation [3]. Simultaneous availability 
of OAM ( 0, 1, 2...l=   ) and spin angular momentum ( +,-σ ) in 
an optical beam increases the number of possible states 
+,-σ ,l  in which the information can be encoded [4]. Then any 
photon can carry arbitrarily large amount of information 
distributed over its spin and orbital quantum states [5]. This is 
why controlled addressing of the beams with different 
quantum states has become an important problem, when 
using photons as carriers of encoded information. In addition, 
spatial operation of the vortex beams acquires a fundamental 
character if one deals with optical trapping of microparticles. 
Mechanical methods such as gimbal-mounted mirrors [6], 
computer-controlled galvanomirrors [7] and piezoelectric 
mirrors [8], along with electrooptic and acoustooptic (AO) 
methods, are among the main techniques used for spatial 
operation of optical beams with the purpose of microparticle 
trapping [9–11]. Note that all of the methods mentioned above 
deal with the Gaussian beams. It is also known that some of the 
methods for optical trapping are based on the effect of 
radiation pressure. They are associated with gradient forces 
[12, 13] (including the pressure of evanescent field [14] and 
that appearing in the vortex beam [3]) or, alternatively, 
photophoretic forces [15, 16]. Each of the methods related to 
different types of optical beams reveals both advantages and 
drawbacks. For example, the trapping based on the radiation 
pressure and the Gaussian beams is applicable when 
manipulating with non-absorbing dielectric particles 
characterized by relatively high refractive indices, whereas the 
photophoretic forces are limited to trapping of absorbing 
particles only. The beams that bear nonzero OAM can be used 
for nondestructive manipulation of absorbing particles and the 
particles with low refractive indices, which is important for 
many biologic applications [17].  
 The most common technique employed to deflect 
the optical beams mentioned above is based upon AO effect. 
Here the beams can easily be deflected via changes in the 
acoustic wave frequency, while the efficiency of Bragg 
diffraction can be controlled by the acoustic power (see, e.g., 
Ref. [18]). Moreover, two consecutive AO cells make it possible 
to implement 2D deflection and addressing of microparticles 
to any desirable places, with high enough spatial resolutions. 
 As a matter of fact, the effect of exchange by the 
angular momentums between the acoustic and optical beams 
under AO diffraction has already been successfully 
demonstrated (see Refs. [19, 20]). However, the AO diffraction 
itself represents a complicated process which can be 
accompanied by changing degree of coherence of Bragg-
diffracted optical waves [21]. In principle, the latter can lead to 
instability or even destruction of the phase structure of a 
helical mode. Hence, it would be vital to clarify whether the 
vortex beam can be deflected by AO gratings without 
destruction of the phase structure of the vortex. This is of 
primary importance for the quantum communications, 
quantum computing and microparticle manipulation. In this 
Letter, we demonstrate that the vortex beams can indeed be 
deflected by AO cells such that the phase distribution in their 
cross sections is preserved.  
 In our experiments we have used two different AO 
cells, an AO deflector based on TeO2 crystal and a Q-switch 
made of fused silica. We have chosen TeO2 because it is one of 
the most efficient AO materials often used for light deflecting, 
with the AO figure of merit being as high as 1200×10–15 s3/kg 
[22]. This material is also convenient for AO operation of 
microparticle trapping. Owing to its high acoustic-wave 
velocity, silica glass is characterized by the AO rise times 
~ 0.5 μs for the light beam diameter 3 mm, which is important 
for controlled addressing of OAM-bearing beams.  
 Our paratellurite sample was fabricated in the shape 
of parallelepiped, with the faces perpendicular to the 
directions [001], [110] and [110] , and the corresponding 
thicknesses equal to 12, 10 and 9 mm, respectively. The optical 
vortex beam propagated close to the [001] axis, while the slow 
shear acoustic wave with the polarization parallel to [110]  
and the velocity equal to 616 m/s propagated along the 
direction [110]. The acoustic bandwidth of our deflector 
amounted to 60–30 MHz. The acoustic wave was excited with 
a standard LiNbO3 piezoelectric transducer. The working AO 
element of our Q-switch made of silica glass had the length 
44 mm (measured along the light propagation direction), the 
width 34–38 mm (along the direction of acoustic wave vector) 
and the height 11 mm. The longitudinal acoustic wave 
propagating with the velocity 5960 m/s was excited using a 
thick piezoelectric plate made of LiNbO3, with the central 
frequency 50 MHz. The Bragg angle was equal to ~ 7.0 and 
0.3 deg for the cases of paratellurite and quartz cells, 
respectively.
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Fig. 1. Experimental set-ups used for studying interference of an acoustooptically diffracted vortex beam with a Gaussian spherical 
beam: (a) (1) a He–Ne laser (the wavelength 632.8 nm), (3) a computer-synthesized hologram, (4) and (6) diaphragms, (5) an AO 
cell, (2) and (10) beam splitters, (7) and (8) reflection prisms, (9) an optical lens with the focal length 50 cm, (11) an objective lens, 
and (12) a CCD camera;  
(b) (2) a computer-synthesized hologram, (3) and (5) diaphragms, (4) an AO cell, (6) and (10) beam splitters, (1, 7-12) the same as in 
panel (a). 
In panels (a) and (b), the computer-synthesized hologram and 
the AO cell are inserted into the sample arm of a Mach–
Zehnder interferometer and in front of this interferometer, 
respectively. 
Our experimental set-up provided two alternative 
configurations that differed by where a computer-synthesized 
hologram and an AO cell were put in the optical scheme. In the 
first case they were placed into the sample arm of a Mach–
Zehnder interferometer (see Fig. 1a), whereas the second case 
differed in that the said components were located in front of 
the interferometer (see Fig. 1b). A linearly polarized light was 
emitted by a He–Ne laser with the coherence length of about 
0.3 m. The optical vortex beam was generated with the aid of a 
computer-synthesized hologram. According to the technique 
described in Ref. [23], the latter was fabricated with the 
resolution 3048 dpi, using a standard transparent film. The 
hologram included a doubly charged topological defect of 
fringe ordering. Then the diffracted vortex beams had even 
charges. To be specific, we used the beams with the vortex 
charge equal to ±2, which revealed the highest intensity among 
the diffracted beams.  
The vortex beam denoted conventionally as 0,2  falls 
upon the AO cell under the Bragg angle and the first-order 
diffracted beam interferes with the reference spherical 
Gaussian beam referred to as 0,0 . For the case of 
configuration depicted in Fig. 1a, we have observed no 
interference with either TeO2 or silica AO cells. Nonetheless, a 
characteristic doughnut shape of the intensity profile of the 
beam is still preserved behind the AO cell (see Fig. 2a). Any 
natural experimental manipulations that spring to mind, like 
changing the acoustic wave frequency and the acoustic power, 
or replacing the AO cells, have not resulted in the appearance 
of interference pattern. At the same time, Fig. 2b testifies that 
the zero-order diffraction AO maximum does interfere with 
the spherical Gaussian beam, thus generating double spiral 
interference fringes peculiar for the interaction of spherical 
Gaussian beams with the beams bearing doubly charged 
optical vortices. 
 
   
(a )   (b) 
Fig. 2. Doughnut intensity shapes observed for the first-order acoustooptically diffracted beam (a) and interference pattern appearing 
due to interference of the zero-order diffracted vortex beam with the spherical reference beam (b). Here we deal with the Bragg 
diffraction in TeO2 cell at the acoustic frequency 100 MHz. 
 
The above experimental facts hint that the first-
order diffracted vortex beam is not coherent with the 
reference one, although the zero-order and reference beams 
remain coherent. The main difference between the zero- and 
first-order diffracted beams consists in their Doppler shifts, i.e. 
the changes in the diffracted optical wave frequency equal to 
the acoustic frequency. Despite of the fact that the Doppler shift 
is very small (about 2×10–5 % in our case), it must be enough 
to violate the exact interference conditions. 
 The situation can be improved using the 
experimental geometry of the second kind, as shown in Fig. 1b. 
In the latter experiment, both the zero-order diffracted 
Gaussian beam (denoted now as a beam 0,0 ) and the first-
order diffracted beam (referred to as a vortex beam 0,2 ), 
which is produced by diffraction at the computer-synthesized 
hologram, diffract acoustooptically at the AO cell. Four beams 
appear due to the diffraction, two zero-order beams (a 
Gaussian beam
0
0,0  and a vortex beam
0
0,2 ) and two first-
order diffracted ones (an acoustooptically diffracted spherical 
Gaussian beam 
A
0,0  and a vortex beam
A
0,2 ). Here the 
Doppler shifts for the beams 
A
0,0  and
A
0,2  are the same. 
After this, both of the beams 
A
0,0  and
A
0,2  are directed 
into the interferometer in such a way that the first one plays 
the role of a reference beam and the second one serves as a 
probe beam. As seen from Fig. 3, these optical beams interfere 
successfully, since they have the same Doppler shifts. These 
experimental results have been successfully reproduced for 
the both of our AO cells. This proves that the vortex beams 
preserve their coherence and the structure of their phase 
profiles under AO diffraction. 
 
Fig. 3. Spiral interference patterns appearing due to 
interference of acoustooptically diffracted spherical Gaussian 
beam and the vortex beam (Bragg diffraction using our AO 
TeO2 cell and the acoustic frequency 100 MHz).  
 
 Our next task is to give evidence that changing the 
frequency of the acoustic wave can be efficiently used for 
spatial operation of the vortex beams. For this aim, two 
acoustic waves with different frequencies, 85 and 95 MHz, 
were excited in our TeO2-based AO deflector. Then the lower 
frequency was raised gradually from 85 up to 95 MHz. As seen 
from Fig. 4a–d, the two vortices appearing under these 
conditions are separated by still less angular distances (0.85, 
0.34, 0.25 and 0 deg, respectively). This result suggests that AO 
deflection of a single vortex beam, or even several vortex 
beams, enables one to operate efficiently the process of 
microparticle manipulation and facilitates controlled 
addressing of the beams that bear different OAMs.
 
 (a) 
 (b) 
 (c) 
 (d) 
Fig. 4. Bragg diffraction of doubly charged optical vortex at the acoustic waves with the frequencies 85 and 95 MHz (a), 91 and 95 MHz 
(b), 92 and 95 MHz (c), and 95 and 95 MHz (d) ( Bragg diffraction using our AO TeO2 cell). 
 
 
Summing up, we have demonstrated for the first time that the 
phase structure of the vortex beams is preserved under the AO 
Bragg diffraction. As a result, acoustooptically operated vortex 
beams can be efficiently used in such novel optical 
technologies as the optical trapping or the controlled 
addressing of beams with different OAMs.  
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